While much is known about immediate brain activity changes induced by the confrontation with emotional stimuli, the subsequent temporal unfolding of emotions has yet to be explored. To investigate whether exposure to emotionally aversive pictures affects subsequent resting-state networks differently from exposure to neutral pictures, a resting-state fMRI study implementing a two-group repeated-measures design in healthy young adults (N ¼ 34) was conducted. We focused on investigating (i) patterns of amygdala whole-brain and hippocampus connectivity in both a seed-to-voxel and seed-to-seed approach, (ii) whole-brain resting-state networks with an independent component analysis coupled with dual regression, and (iii) the amygdala's fractional amplitude of low frequency fluctuations, all while EEG recording potential fluctuations in vigilance. In spite of the successful emotion induction, as demonstrated by stimuli rating and a memory-facilitating effect of negative emotionality, none of the resting-state measures was differentially affected by picture valence. In conclusion, resting-state networks connectivity as well as the amygdala's low frequency oscillations appear to be unaffected by preceding exposure to widely used emotionally aversive visual stimuli in healthy young adults.
Introduction
Emotions are closely tied to cognitive, attentional and motivational processes. The amygdala strongly reacts to emotional stimuli and there is ample evidence that functional interactions of the amygdala with other brain regions are critically implicated in emotion processing upon acute emotional stimuli (Banks et al., 2007; Eippert et al., 2007; Erk et al., 2010; Townsend et al., 2013) . The amygdala receives input from all sensory systems and polymodal cortices. Behavioral responses are generated primarily through amygdala projections to hypothalamic and brainstem centers involved in autonomic control. Among these is the locus coeruleus (LC), a major norepinephrine synthesis site. Norepinephrine pathways are important in maintaining arousal and levelsetting for gathering sensory information and storing emotional memories (Venkatraman et al., 2017) . Connections between the amygdala and the hippocampal complex contribute to the memory-enhancing effect of emotional arousal Richardson et al., 2004; Roozendaal et al., 2009) , while the prefrontal cortex (PFC) plays a role in cognitively and emotionally interpreting affectively valenced stimuli, and in controlling the subsequent behavioral responses (H€ oistad and Barbas, 2008) . In humans, top-down and bottom-up mechanisms orchestrated by interactions between the amygdala and medial PFC have been discussed extensively in the context of anxiety and emotion regulation .
Whereas much is known about the immediate effects of emotions on brain activations measured with blood-oxygen-level dependent contrast (BOLD) functional imaging during the acute emotional state (Murty et al., 2010; Verduyn et al., 2015; Waugh and Schirillo, 2012) , little is known about the further temporal unfolding of emotions and their long-term neural consequences. On the behavioral level, there is ample evidence for such long-term consequences. For example, pathological anxiety may be expressed in excessive apprehension subsequent to immediate emotion processing (Calhoon and Tye, 2015) . Moreover, in animals it has been shown that the amygdala plays a key role in enhancing memory consolidation processes and, thereby, long-term memory of emotionally arousing information (Phelps and LeDoux, 2005; Roozendaal et al., 2009) .
One possibility to investigate delayed neural consequences of emotional stimuli is to analyze functional connectivity (FC) in a restingstate period after an emotional task. The resting-state is defined as a state of nonattendance in an active task and absence of external stimulation (Barkhof et al., 2014) , while FC reflects the temporal dependence of neural activity patterns of separated brain regions (van den Heuvel et al., 2010) . The repertoire of functional networks utilized by the brain in action may persist in the resting-state, where they can be mapped as overlapping resting-state networks (RSN) (Biswal et al., 2010; Damoiseaux et al., 2006; Laird et al., 2011; Smith et al., 2009 ) using resting-state functional magnetic resonance imaging (rs-fMRI). Among the most commonly used approaches for identifying functionally interacting brain regions from rs-fMRI data are independent component analysis (ICA), seed-to-voxel, and seed-to-seed approaches Whitfield-Gabrieli and Nieto-Castanon, 2012) . Besides network measures, BOLD signal changes in regional spontaneous activity are valuable complements for characterizing resting-state low frequency oscillations (LFO), e.g. fractional amplitude of low frequency fluctuations (fALFF) (Zou et al., 2008) .
Whereas initial cognitive theories have regarded the resting-state as a "default state of mind", it is becoming clearer now that cognitive activity also affects later rs-FC. Studies in healthy subjects have already indicated that the time following acute stressors is characterized by particular patterns of amygdala-FC, e.g. increased amygdala-FC after watching highly aversive video clips (van Marle et al., 2010) . More precisely, female subjects not used to violent media watched a movie of 1.5 min duration while inside the MRI scanner. Directly afterwards, enhanced amygdala-FC with a set of predefined regions was observed (van Marle et al., 2010) . Among those was the dorsal anterior cingulate cortex (dorsal ACC) and anterior insula (AI), which are implicated in the subjective experience of emotion, and the LC, which contributes to arousal by noradrenergic innervations to the amygdala. In another study, as much as 1 h after a well-established psychosocial stress task, increased amygdala-FC with cortical midline structures, pertaining to the default mode network (DMN), and the medial PFC was found (Veer et al., 2011) . The authors discuss the increased amygdala-FC with DMN regions as reflecting stress-induced facilitation of self-evaluative processes under emotionally salient experiences. The enhancements in amygdala-medial PFC coupling may be an indicator of top-down processes Veer et al., 2011) .
Here we investigated if emotionally arousing pictures similar to stressful events can also induce changes in rs-FC. We chose a picture task because such tasks are widely used in human brain activation studies, and because viewing emotional pictures acutely increases activation in several brain regions, including the amygdala and hippocampus Murty et al., 2010; Rasch et al., 2009) . Since emotional arousal is known to enhance not only memory encoding but also memory consolidation processes (Roozendaal et al., 2009) , we hypothesized that such long-term effects may be reflected in increased amygdala rs-FC with brain regions like the hippocampus.
Implementing a repeated-measures mixed design with two experimental groups of equal size (total N ¼ 34), a neutral-picture and a negative-picture group, we focused on the between-groups comparison in terms of changes in rs-FC from baseline (pre-intervention) to postintervention (time point*group interaction). In a first step, we investigated FC of the amygdala with the whole brain in a seed-to-voxel approach, as well as with the hippocampus only in a ROI-to-ROI analysis. In a second step, we used ICA coupled with dual regression to assess functional connectivity changes in the brain in a more explorative way to address the diversity of networks potentially involved in emotion regulation. To get a complementary view on the amygdala's regional restingstate activity, we additionally extracted its mean fALFF. For validation purposes, the seed-based analyses done with amygdala masks were conducted with two segmentation procedures. Upon a more explorative background, we secondarily investigated FC of the hippocampus with the whole brain. Due to the uncontrolled nature of vigilance in rs-fMRI (Tagliazucchi and Laufs, 2014) , we utilized simultaneous electroencephalography (EEG)-fMRI recordings to take into account in a post-hoc manner potential fluctuations in vigilance.
Materials and methods

Subjects
Thirty-four healthy, normal-weight (BMI 19 to 25) subjects aged 18 to 25 participated in this study (M ¼ 22.5, SD ¼ 2.06, range ¼ 18.4 to 25.8). Male (N male ¼ 14) and female (N female ¼ 20) subjects did not significantly differ in age (t(31.3) ¼ 0.94, p ¼ 0.35). Participation was not possible if one or more of the following applied: regular intake of medical drugs with the exception of oral contraceptives, currently pregnant or breastfeeding, known or suspected non-compliance, drug or alcohol abuse, inability to follow the procedures of the study (e.g. due to language problems), present diagnosis of acute or chronic mental and/or somatic disorder, presently doing psychotherapy, not fulfilling MRI eligibility criteria. Previous participation in another study of the Transfaculty Research Platform Molecular and Cognitive Neurosciences (MCN), University of Basel, Switzerland (<2 years ago), if concordant visual stimuli employed, was also an exclusion criterion. For eligibility clarification, a psychologist screened subjects by telephone. When in doubt, assertion was obtained through medical counseling. Written informed consent was given at the study visit day. The study was conducted in approval with the local Ethics Committee, Ethikkommission Nordwest-und Zentralschweiz (EKNZ), Switzerland. The study took place between March and June 2015.
The method of allocating participants to a picture valence group (negative-group vs. neutral-group) was quasi-random: there was an alternation per participant in the order they were included in the study. Indispensably, towards the end of the study, three exceptions had to be made in order to equalize the ratio of experimental group within the factor sex. Subjects were instructed to refrain from caffeine intake and cigarette smoking at least 2 h, cannabis intake at least 2 weeks, alcohol and medical drug intake at least 24 h prior to commencement of the experiment, and to adhere to their personal sleeping habits the night before the examination.
Depression scores were measured with a screening questionnaire, the long version of the Allgemeine Depressionsskala (ADS) (Hautzinger and Bailer, 1993) (supplementary Table A1 ). Generally, there were no scores indicative for presence of depression (Table 1) . However, two female subjects and one male subject met or surpassed the clinical threshold of 23 points. As exclusion of these subjects did not alter the results of the main brain imaging analyses (section "Seed-to-voxel and seed-to-seed analysis with bivariate correlation"), we retained them in the analyses while controlling for depression score by including it as a covariate (section "Brain imaging analysis").
Experimental procedure
The experimental procedure is illustrated in Fig. 1 . Upon arrival, written informed consent was acquired and the participant was made familiar with the MRI environment. After this, about 50 min were spent filling out questionnaires while the investigator was attaching the EEG electrodes. Participants wore the EEG cap during the entire experiment. EEG was recorded in five sessions: shortly before the first MRI as a brief quality check, during both MRI sessions, during the pictorial rating task and throughout the free recall task. After satisfactory quality check of the EEG signal (impedances well below 20 kΩ; for reference and ground electrodes below 10 kΩ), the first MRI session followed, which took about 20 min. This started with the structural imaging. In between the first and second MRI sessions, subjects accomplished the pictorial rating task, which served as the emotion induction intervention, outside the MRI-scanner, for about 10 min. Information about stimuli valence was kept from the subjects until the pictorial rating task. From the study descriptions, subjects were aware that they might view emotionally aversive stimuli. Subsequent to the second rs-fMRI measurement, which lasted about 10 min, there was an unannounced free recall task, followed by follow-up questionnaires. Participation compensation was CHF 60.-. The study visit took approximately 2.5 h.
Behavioral measures
Pictorial rating task
The software Presentation ® (Neurobehavioral Systems, Inc., Berkeley, CA, www.neurobs.com) was used for the pictorial rating task. Stimuli consisted of a total of 53 pictures selected from the International Affective Picture System (IAPS; Lang et al., 2005) and 16 geometrical figures taken from the Rey Visual Design Learning Task (RVDLT) (Spreen and Strauss, 1991) . On the basis of normative valence and arousal scores of an American sample, pictures were assigned either to an emotionally neutral or emotionally negative category (supplementary Table A2 ). For the training session (see below), we exclusively used neutral pictures. Depending on the experimental condition, for the main task either 24 neutral or 24 negative pictures were employed (neutral-group vs. negative-group) (supplementary Table A2 ). Negative emotional pictures were of various sorts, e.g., mutilated bodies, fearful faces, threatening animals, scenes depicting accidents and environmental pollution. Each of the 24 negative pictures matched one of the 24 neutral pictures corresponding to the following criteria: species (e.g., human, ungulate), perspective (scenery, single object, portrait), color spectrum, and number of individuals shown (e.g. portraits with neutral facial expression matched to a seriously injured face).
In addition to the emotional pictures (negative or neutral IAPSpictures), the pictorial rating task included 16 geometrical figures (the same were used in both study groups) chosen from the RVDLT-set (Spreen and Strauss, 1991) and presented on a colored scrambled background we created using Adobe Photoshop CS3 ( © 2007 Adobe Systems Incorporated). It was composed of the task IAPS-images positioned next to one another, edited with a distortion and crystal filter in Table 1 Descriptive statistics for demographical data and the measures of the three behavioral domains. Numbers represent the mean (M) and standard deviation (SD) of the negative-and neutralgroups individually. Between-group inferential statistics were obtained with Welch's two-sided t-tests for independent samples and denoted in t-statistic (t) and degrees of freedom (df). Sex counts are given in absolute numbers. For detailed description of the questionnaires please refer to Supplementary Table A1. Note some minor deviations from the number of subjects: for the NEO-subscales and the STAI state 1, data for two subjects was not available. There was missing data in the ESS for one subject. Two subjects were excluded from statistical tests involving RVDLT-recall performance. Numbers in bold indicate nominally significant p-values.
Measure
Negative-group Neutral-group t(df) p-value such a way that the motives were no longer perceivable. Participants were instructed to subjectively and intuitively rate the emotional pictures for valence (negative/positive) and arousal (calm/ arousing), and the geometrical figures for form (height/width) and size (big/small) on a dimensional scale. The task was performed on a computer screen located at eye height about 40 cm away from the subject. Subjects submitted their ratings using a computer mouse on a visualanalog scale with a range of rating values ranging from -200 to þ200. Each picture was presented for 2.5 s in a quasi-randomized order, with two pictures maximum in succession from any one category (IAPS-pictures vs. RVDLT-figures). The first and last two pictures presented were IAPS-pictures and the same for all individuals within their experimental group. Due to expected presentation order effects, these primacy and recency pictures were excluded from the analysis of the free recall and pictorial rating tasks. There was no time limit for rating.
To ensure clarity of the instructions, the task was preceded by a training session, in which five neutral IAPS-pictures and one RVDLTfigure were used. The task itself comprised 24 IAPS-pictures and 15 geometrical figures. All geometrical figures, as well as the IAPS-pictures of the training session, were the same for all subjects.
Free recall task
In a memory task after the second rs-fMRI, participants were given 10 min to freely recall as many photographs and geometrical figures as possible. They were instructed to describe briefly and precisely the remembered photographs in writing on the computer and to draw the geometrical figures on a blank paper. After 10 min had passed, participants were given the option of prolonging the time provided by 5 min, and then again by 5 min. The descriptions were rated for recall success independently by three trained investigators, the third of which then took a final decision about the score. Scores were calculated by summing the correctly remembered items, individually for photographs and figures, respectively. Due to misunderstanding of the instructions for the figure recall task two subjects were excluded from statistical analyses involving RVDLT-recall performance but included in all other analyses.
Questionnaires
A battery of self-report questionnaires in German language was used, including the long version of the Allgemeine Depressionsskala (Hautzinger and Bailer, 1993) for assessment of depression scores, the German version of the Affect intensity measure (Larsen and Diener, 1987) that assesses the intensity of a person's affective experiencing, the Edinburgh Handedness Inventory for evaluation of handedness (Oldfield, 1971) , the Epworth Sleepiness Scale (Johns, 1991) for chance of dozing, and the NEO-FFI (Borkenau and Ostendorf, 1993) as a measure of personality dimensions. In order to measure anxiety levels the STAI state and trait versions (Laux et al., 1981) were used (supplementary Table A1 ). Additionally, a brief in-house questionnaire was filled in to check for adherence to study rules and to get some complementary information (e.g., thoughts during MRI, previous MRI examinations).
Brain imaging acquisition
All functional and structural MR images were acquired with a General Electric Discovery MR750w 3.0 T MRI scanner (General Electric Company, Milwaukee, USA) at bilddiagnostik.ch (Basel, Switzerland), equipped with a GE-28-elements GEM head and neck unit (General Electric Company, USA). The first MRI session started with the structural imaging (T1-weighted) and was directly followed by the first rs-fMRI acquisition (2D gradient-echo T2*-weighted echo-planar images). The second MRI session took place about 15 min after the end of the first MRI session, comprising an identical rs-fMRI sequence. In order to reduce head motion and dampen scanner noise, the subject was outfitted with ear protection and air cushions at each side of the head. For structural analysis, a T1 high-resolution anatomical sequence, 3D BRAVO (brain volume imaging), was performed, established with an oblique plane in an interleaved manner with the following scan parameters: 256 Â 256 matrix, flip angle ¼ 15 ). Two hundred volumes were acquired per scan. Additionally, four dummy samples were acquired before the actual start of the experiment to allow magnetization to reach a steady state, for a total acquisition time of 10.2 min.
Brain imaging analysis Preprocessing of anatomical brain imaging data
Anatomical images were segmented into gray matter (GM), white matter (WM), and cerebrospinal fluid (CSF) by using SPM12 (Statistical Parametric Mapping, Wellcome Trust Centre for Neuroimaging, London). A diffeomorphic non-linear registration algorithm (diffeomorphic anatomical registration through exponentiated lie algebra; DARTEL) (Ashburner, 2007) was used to spatially normalize the segmented images to an in-house template brain (Heck et al., 2014) , based on a sample of 1000 healthy subjects aged 18 to 35 comparable to the current study sample. The resulting flow fields were combined with an affine spatial transformation to normalize the images to the MNI space in order to render the findings comparable to other studies. Subject-specific amygdala and hippocampus masks were created for each hemisphere separately through segmentation with FreeSurfer (v.5.3.0; http://surfer.nmr. mgh.harvard.edu/). The segmented ROIs were normalized to the MNI space by applying the previous normalization parameters, and mean functional time series of the amygdalae and hippocampi were then calculated by averaging across all voxels within each mask, respectively. To take into account potential divergences in amygdala segmentation between different methods (Morey et al., 2009 ), we complemented the amygdala's segmentation by using FSL's FIRST segmentation tool (v. 5.0.9) in a subject-specific manner (Patenaude et al., 2011) . While subcortical segmentation in FIRST proceeds with Bayesian shape and appearance models, FreeSurfer assigns a neuroanatomical label to each voxel based on probabilistic information automatically estimated from a large training set of expert measurements (Fischl et al., 2002; Morey et al., 2009; Patenaude et al., 2011) . Unless specified otherwise, amygdala segmentations obtained with FreeSurfer were used.
Preprocessing of functional brain imaging data
The preprocessing pipeline prior to the analyses (sections "Seed-tovoxel and seed-to-seed analysis with bivariate correlation" to "Quality control of the independent components") included motion and slicetiming correction, normalization to the MNI space by using the transformation computed on the anatomical data, and smoothing with an 8 mm FWHM isotropic Gaussian Kernel. The experimental setup for all second-level analyses encompassed two second-level covariates of interest (negative-and neutral-group) and three of no interest (sex, age and depression score, all mean-centered), which were incorporated in consideration of their associations with measures of rs-FC (AndrewsHanna et al., 2007; Fair et al., 2008; Ferreira and Busatto, 2013; Hjelmervik et al., 2014; Sheline et al., 2010) . ART (Artifact Detection Tools; developed by Stanford Medicine, Center for Interdisciplinary Brain Sciences Research), an analysis software for detection of motion artifact sources in fMRI time series, was implemented to provide movement regressor files as covariates in the first-level analyses. These are called "art_regression_outliers_and_movement.mat" per default and contain regressors to describe three translation, three rotation, one composite motion score and a variable number of outliers. Time points exceeding the movement threshold of 2 mm, or a z-value of 9 in the z-normalized global BOLD, were defined as outliers. Composite motion describes the maximal movement of any voxel within the brain bounding box in mm. For baseline and post-intervention resting-state, there were outliers in six and five subjects with maximum counts of 15 and 18 time points, respectively.
Seed-to-voxel and seed-to-seed analysis with bivariate correlation
For the seed-to-voxel approach, the functional connectivity toolbox Conn v.15c (www.nitrc.org/projects/conn) was used (Whitfield-Gabrieli and Nieto-Castanon, 2012). WM and CSF masks obtained from the segmentation of the anatomical images were coregistered to the functional space and considered subject-and session-specific noise regions of interest (ROI). Their respective time series were decomposed into 2 principal components by using a principal component analysis of the multivariate BOLD signal within each ROI with the CompCor method (Behzadi et al., 2007) , and then regressed from the BOLD time series at each voxel. Such a flexible method is particularly appropriate for fMRI noise sources as cardiac and respiratory effects do not show a common spatial distribution across the brain (Behzadi et al., 2007) . The temporal time series characterizing subject motion (three rotation and three translation parameters, and their first-order derivatives, i.e. ART motion parameters) were also removed from the BOLD data as temporal first-level covariates. The data were then band-pass filtered (0.01 Hz<ƒ<0.1 Hz).
For main and secondary analyses, mean time series of the bilateral amygdala and bilateral hippocampus, respectively, were used as seed-ROI. There are two reasons for using the bilateral amygdala. First, previous studies investigating amygdala-FC (section "Introduction") used the bilateral amygdala as seed-ROI. Second, studies have shown robust effects in bilateral amygdala activation when viewing negative IAPS pictures (section "Discussion"). The first-level step comprised a wholebrain bivariate correlation analysis between the residual voxel-wise BOLD time series and the ROI time series. In case of amygdalahippocampus ROI-to-ROI analysis, FC was defined as bivariate Pearson's correlation between mean time series of the respective ROI pair. Second-level analyses consisted of a linear model including the first-level estimates for both rs-fMRI sessions (within-subjects factor: time point), both groups (between-subjects factor: group), and their interaction. The main contrast of interest was the interaction time point*group. The threshold for significance was set at voxel-p-uncorrected < 0.001 and cluster-p-FWE-corrected < 0.05, as has been used previously (Chai et al., 2011; Chai et al., 2014; Manning et al., 2015) .
Spatial decomposition into independent components and dual regression
FSL's MELODIC 3.0 (Jenkinson et al., 2012) uses independent component analysis (ICA) to decompose a single or multiple 4D datasets into different spatial and temporal components (http://fsl.fmrib.ox.ac. uk/fsl/fslwiki/MELODIC). We implemented MELODIC's spatial ICA to decompose the brain's low-frequency fluctuations at resting-session 1 for all 34 subjects. In consideration of our intention to pursue a data-driven, explorative approach, it has been recommended to include the whole set of ICs in subsequent tests for between-group differences (http://fsl.fmrib. ox.ac.uk/fslcourse/lectures/practicals/melodic/). Based on recent reports (Biswal et al., 2010) , and in order to maintain a reasonable level of overview, we manually set the number of dimensions to be estimated with MELODIC to d ¼ 20. Under the assumption that the 10 consistently reported networks (e.g., Biswal et al., 2010; Damoiseaux et al., 2006; Laird et al., 2011) will be subsumed to interpretable ICs in this solution, this allowed us to proceed with a pertinent quantity of ICs. Then, the set of spatial maps from the group-level analysis of the 20 dimensions solution was used to generate subject-specific versions of the spatial maps, and associated time series, using dual regression (Filippini et al., 2009) . First, for each subject, the group-average set of spatial maps (from baseline resting-state) was regressed (as spatial regressors in multiple regression) into the subject's 4D space-time dataset from each rs-fMRI session. This resulted in a set of subject-specific time series, one per group-level spatial map (from baseline resting-state) for each rs-fMRI session. Next, those time series were regressed (as temporal regressors, again in multiple regression) into the same 4D dataset, resulting in a set of subject-specific maps, one per group-level spatial map for each subject. We predicted that one or more of the 20 spatial networks would underlie a different change from pre-intervention resting-state to post-intervention resting-state depending on the emotionality of the presented pictures. For each subject, we calculated the difference between session 2 and session 1 (i.e. subtracting session 2 from session 1). Those files were the input to FSL's randomise permutation-testing tool (Winkler et al., 2014) with 5000 permutations. The model comprised the mean-centered covariates of no interest sex, age, and depression score (ADS).
The two contrasts of interest were (i) negative-group > neutral-group and (ii) neutral-group > negative-group. The p-FWE-voxel-corrected output files from FSL's randomise were further corrected for the amount of RSNs with the Bonferroni method.
Quality control of the independent components
MELODIC's decomposition will result in both functionally coherent RSNs as well as spatially structured artifacts ) not necessarily represented by delimited components. An initial quality control of the 20 networks' spatial patterns was performed. The ICs' time courses, frequency spectra and spatial distributions were visually compared with previous reports (Damoiseaux et al., 2006; Smith et al., 2009) . We further quantified the similarity of the networks to resting-state templates of 10 RSNs, available on http://www.fmrib.ox.ac.uk/datasets/ brainmapþrsns/ (retrieved 07/07/16), described in Smith et al. (2009) . These template networks circumscribe three visual networks (medial, occipital pole, lateral visual areas; 1-3), the default mode network (DMN) a cerebellum network (CN), the sensorimotor network (SMN), the auditory network (ADT), executive control network (ECN) and left/right frontoparietal networks (LFPN, RFPN). These RSNs have been robustly detected in a number of independent studies (e.g., Biswal et al., 2010; Damoiseaux et al., 2006; Laird et al., 2011) . We identified the template RSN that had the highest spatial correlation to our networks by using FSL's spatial cross-correlation, after binarizing the inputs at z > j2j.
Fractional amplitude of low frequency fluctuations
As a method to measure LFO, fALFF has recently been shown to be superior to the originally used ALFF due to its higher sensitivity and specificity of detecting spontaneous brain activity (Zou et al., 2008) . Extraction of fALFF was performed by using the Data Processing Assistant for Resting-State fMRI (DPARSF, v. 4.1) (Chao-Gan and Yu-Feng, 2010), which is based on SPM and the toolbox for Data Processing & Analysis of Brain Imaging (DPABI). Specific preprocessing of structural and functional images was conducted in DPARSF. This included normalization with DARTEL for structural images, slice timing correction, realignment, smoothing, head motion correction with Friston 24 head motion parameters (Friston et al., 1996) and removal of WM and CSF signals for functional images. FSL's fslmeants was used to extract the mean of the time course of fALFF in rs-fMRI session 2 in the left and right amygdala, respectively, for each subject. These values were then subjected to group-level analyses of variance to test for time point*group interaction effects with the mean-centered covariates of no interest sex, age and depression score (ADS), as implemented in R (R Core Team., 2015).
Electroencephalography
EEG recording
The EEG recordings, conducted with a similar setting as Zotev et al.
(2014), were performed simultaneously with the rs-fMRI acquisitions by using the Brain Products' MR-compatible EEG system. Each subject wore an MR-compatible EEG cap (BrainCap MR from EASYCAP GmbH) throughout the experiment. The cap is fitted with 32 EEG electrodes (including the reference electrode), arranged according to the international 10-20 system, and one electrocardiographic (ECG) electrode placed on the subject's back. The EEG amplifier (BrainAmp MR plus from Brain Products GmbH) was positioned just outside the MRI scanner bore near the axis of the magnet. The electrical cable connecting the EEG cap to the amplifier was fixed in place by using a sandbag. The amplifier was connected to the PC interface outside the scanner room via fiber optic cable. The EEG system's clock was synchronized with the 10 MHz MRI-scanner's clock by using Brain Products' SyncBox device. The EEG signal acquisition was performed in BrainVision Recorder Professional (v. 1.20.0801) with 16-bit analog-to-digital conversion and 5000 Hz sampling rate, providing 0.2 ms temporal and 0.5 μV measurement resolution. The EEG signals were measured relative to FCz and filtered online between 0.016 Hz (10 s time constant) and 250 Hz (Zotev et al., 2014) .
EEG preprocessing
All EEG data were processed in EEGLAB (v. 13.5.4b) running on Matlab R2014a (Mathworks). The large steady magnetic field B 0 and the fast time varying fields generated by the MR imaging sequence induce substantial artifacts in EEG data collected in an MRI-environment (Moosmann et al., 2009 ). Therefore, correction for gradient-related and ballistocardiographic (BCG) artifacts is required. We accomplished this correction with the Bergen plugin for EEGLAB (Allen et al., 2000; Moosmann et al., 2009 ). First, the fMRI volume onsets were detected via an autocorrelation method on the basis of an automatically selected channel premised on its median variance. This automatically detected channel was then manually checked and accepted. The threshold defining the occurrence of an fMRI gradient artifact was based on the first derivative (gradient value) of the EEG signal, specified in percentage relative to the maximum value of the gradient of the artifact signal. The artifact duration was defined as the time between the volume onset and the time point immediately before the subsequent volume onset marker (i.e. start ¼ 0, end ¼ TR; continuous recording). Next, baseline correction of the artifact periods defined in the previous step was done by using the mean of the artifact period itself. A realignment parameter-informed algorithm was used for correction for the gradient artifacts (Moosmann et al., 2009 ). This algorithm is based on an extension of template subtraction and performs particularly well in case of abrupt head movements. Following the fMRI gradient-artifact correction, the data was resampled to 500 Hz, QRS events were detected, and BCG artifacts removed with an artifact subtraction method, implemented in the FMRIB plug-in for EEGLAB, provided by the University of Oxford Centre for Functional MRI of the Brain Niazy et al., 2005) . Unsatisfactory cleaning of the gradient-related artifacts, as well as recording problems in one individual, led to valid EEG data for a total of 31 and 32 subjects for each rs-fMRI session, respectively.
Assessment of vigilance
Vigilance at different time points was dichotomously divided into relaxed wakefulness and drowsiness, henceforth referred to respectively as stage A and B, following an established procedure (Hegerl et al., 2008; Olbrich et al., 2009 ). This procedure retains much of a standard vigilance and sleep scoring (Rechtschaffen and Kales, 1968) . Briefly put, this extended approach for vigilance scoring (Hegerl et al., 2008; Olbrich et al., 2009 ) centers on the concept of spatial redistribution of spectral alpha power and its diminishment during the transition from wakefulness to drowsiness. Building upon this, the procedure was as follows: for each subject and each resting-session, we split the whole rs-EEG according to the TR of the rs-fMRI sequence (3 s) leading to a total of 204 bins of 3 s duration (1500 EEG sampling points). Spectra for each bin were calculated with EEGLAB's spectopo-function, which uses Matlab's pwelch-function for obtaining Welch's power spectral density estimates. Bins were defined as an A-stage if at least one of channels O1, O2, F3, and F4 showed a higher power for the range 8-12 Hz than for 2 to 8 Hz; else, the bin was considered a B-stage. The former two electrodes correspond to the occipital, the latter two to the frontal parts of the brain.
Before vigilance staging, a first-level outlier correction was applied to the spectral power of the two frequency bands for each channel and each resting-session in two stages: (i) linear interpolation (R function approx from the stats-package), (ii) remaining outliers (i.e. those that could not be interpolated because they were either at the end or beginning of the sequence) were replaced by the respective channel's mean spectral power. Outliers were defined as time points below or above the tenth and ninetieth percentiles, respectively. Since the spectral estimations obtained from the Welch's method may take on negative values, those values were then log-transformed to positive values in order to form interpretable ratios.
Effect of vigilance fluctuations on the BOLD signal
With SPM12, we tested the extent to which the EEG-derived vigilance regressor was associated with the BOLD signal. First, the fully preprocessed images, i.e. after performing standard and resting-state-specific preprocessing using Conn, for each subject were used as input to estimate firstlevel contrast images with the HRF-convolved binary covariate vigilance stage (A ¼ 0, B ¼ 1) to test for voxels that would show a significantly (i) higher or (ii) lower activity change jointly with this regressor in a secondlevel analysis. Model parameters were estimated by using Restricted Maximum Likelihood specified with an autoregressive error model.
Statistical analysis of behavioral data
Analyses of behavioral data, unless specified otherwise, were performed in R Studio (R Core Team, 2015) . For inferential statistics of behavioral data, the threshold of significance was set to p < 0.05. Between-group differences were tested for by means of two-sided Welch-t-tests for independent samples. Repeated-measures between-group differences and corresponding interactions were analyzed in mixed linear models with group as between-subjects factor and session as within-subjects factor, implemented in the R library nlme (v. 3.1-131). Non-directional associations of quantitative variables were tested for with pairwise-complete Pearson's correlation.
Results
Behavioral data
Pictorial rating task
As expected, subjects in the negative-group rated task IAPS pictures as less pleasurable and more arousing than did subjects in the neutral-group (t(31.4) ¼ 8.72, p < 0.001 for valence; t(29.8) ¼ -4.36, p < 0.001 for arousal). Size and form rating of geometrical figures did not significantly differ between the groups (t(29) ¼ 0.69, p ¼ 0.49; t(27.1) ¼ 1.73, p ¼ 0.1) ( Table 1) .
Free recall task
In recalling task IAPS-pictures, subjects in the negative-group performed better than subjects in the neutral-group (t(31.1) ¼ -2.17, p ¼ 0.04), with an average of 10.5 freely recalled task IAPS-pictures in the neutral-group (SD neu ¼ 3.68), and 13.1 in the negative-group (SD neg ¼ 3.09). In contrast, there were no between-group differences in the number of correctly recalled RVDLT-figures (t(30) ¼ -0.25, p ¼ 0.81) (Table 1) , nor was there an association in recall performance between these two types of visual stimuli (t(32) ¼ -1.25, p ¼ 0.22, Pearson's r ¼ -0.216).
Questionnaires
There were no significant group differences in NEO-FFI, AIM subscales, or in STAI trait anxiety ( 
Resting-state fMRI
Seed-to-whole brain and seed-to-seed functional connectivity Overall, baseline FC of the bilateral amygdala showed widespread connectivity clusters across the whole brain (F min (4,58) ¼ 5.33, minimum number of voxels in one cluster ¼ 63), e.g. covering the temporal poles, precentral gyri, frontal orbital cortices, right middle frontal gyrus, insular cortices (Fig. 2a) . There was no significant time point*group interaction. There was also no main effect of time point (group-invariant effect of the task, see Fig. 2b for amygdala-WB-FC at post-intervention), nor a main effect of any of the dimensional behavioral variables NEO-neuroticism, STAI trait anxiety, AIM affect reactivity, and ADS depression score. Post-hoc tests showed that the groups did not diverge in amygdala-FC either at the baseline or at the post-intervention rs-fMRI after the pictorial rating task. Furthermore, amygdala-hippocampus-FC did not reveal a significant time point*group interaction. All these results remained nonsignificant also if the right and left amygdala, and in case of the ROI-to-ROI analysis left and right hippocampus, served as separate seed-ROIs.
When using FIRST's instead of FreeSurfer's amygdala segmentations, there was still no time point*group interaction and no main effect of time point. While there was a main effect of segmentation method for baseline amygdala-FC (F min (2,29) ¼ 8.85, minimum number of voxels in one cluster ¼ 56), including regions spanning temporal poles, subcallosal cortex, frontal orbital cortices, frontal medial cortex (supplementary Figure A1) , the interaction time point*segmentation (mean of bilateral amygdala FIRST vs. FreeSurfer) was non-significant.
The bilateral hippocampus was extensively functionally connected to other brain regions at baseline (F min (4,58) ¼ 5.33, minimum number of voxels in one cluster ¼ 51), e.g. frontal and temporal poles, lingual gyri, OFC, cingulate gyrus, thalamus, subcallosal cortex, insular cortex ( Fig. 3a; Fig. 3b for post-intervention rs-fMRI) . The same negative findings as for the amygdala apply to the hippocampus. Note that the hippocampus was segmented uniquely with FreeSurfer.
Spatial decomposition into independent components and dual regression
Upon visual inspection of the 20 ICs' time courses, frequency spectra and spatial distributions, we regarded some ICs as nuisance while others as reflecting actual brain activation, based on previous reports (Damoiseaux et al., 2006; Smith et al., 2009) . The validity of the 20 networks (Fig. 4) was further investigated by comparing them to templates of 10 validated RSNs. The template networks VN1, VN3, CBN, ECN, and RFPN each were related to two networks, while each of the remaining five matched one (Table 2 , supplementary Figure A2a-A2o ). Testing the contrasts (i) negative-group > neutral-group, and (ii) neutralgroup > negative-group showed that none of the 20 networks exhibited an emotionality-dependent change from resting-session 1 to restingsession 2 (even at nominal significance level, i.e. without correcting for the number of networks tested).
Fractional amplitude of low frequency fluctuations
There was no time point*group interaction in fALFF for either left (Fig. 5 ).
Motion outliers
There was no main effect in the amount of motion outliers (section "Preprocessing of functional brain imaging data") for the factors group 
Resting-state EEG EEG data collection
To warrant our subjects the highest safety possible, in 15 subjects, the Table 2 . Abbreviations: IC ¼ independent component.
EEG electrodes had to be mended in between the MRI sessions due to poor electrode impedances. This was the case for four, eight, and five subjects before the first rs-fMRI, after the first rs-fMRI, and after the pictorial rating task, respectively. This prolonged the experiment by about 3 min for the subjects concerned.
Frequency of vigilance stage A and B As described in section "Assessment of vigilance", vigilance was classified into the two discrete stages wakefulness and drowsiness (stages A and B, respectively) (Hegerl et al., 2008; Olbrich et al., 2009) . For resting-session 1, the majority of participants showed a higher proportion of A-stages than B-stages for the total of that resting-session (M ¼ 0. There was no time point*group interaction (F(1,28) ¼ 1.86, p ¼ 0.18) . Of note, all subjects except for two stated having been awake at all times.
Effect of vigilance fluctuations on the BOLD signal
There was no significant effect of the binary first-level regressor vigilance at any voxel at p-FDR-corrected at neither resting-session 1 nor resting-session 2.
Discussion
We implemented a two-group repeated-measures rs-fMRI design to investigate functional networks and functional connectivity of the amygdala in healthy young adults. The present study aimed to reveal the brain states that characterize delayed emotion regulation following exposure to visual stimuli of negative compared to neutral valence. Overall, the amygdala showed widespread connectivity clusters across the whole brain, e.g. covering temporal poles, precentral gyrus, frontal orbital cortices, right middle frontal gyrus, and insular cortices, in line with previous findings from rs-fMRI in humans (Roy et al., 2009 ). This was applicable for both rs-fMRI sessions. Compliant with these findings, tracer studies in rhesus monkeys provide strong evidence for projections from specific orbitofrontal, medial prefrontal and temporal cortical pathways onto excitatory and inhibitory pathways in the amygdala, suggested to interact in emotion mechanisms (Ghashghaei and Barbas, 2002; H€ oistad and Barbas, 2008) .
Whereas we expected to observe distinct bilateral amygdala-FC between-session changes in subjects who had viewed negative pictures, as compared to those who had viewed neutral pictures (time point*group interaction), there was no such effect, not even in amygdalahippocampus FC. In the light of the plurality of cognitive processes in which the amygdala is involved (e.g., impulsivity, appetitive motivation) (Kerr et al., 2015; Passamonti et al., 2008; C. Xie et al., 2011) and the many brain regions implicated in affective processes, e.g., the cerebellum (Baumann and Mattingley, 2012; Riedel et al., 2015) , and medial prefrontal regions (Phan et al., 2002) , we intended to account for this presumable complexity of networks involved in emotion regulation. This was accomplished by spatial decomposition of BOLD activation patterns of the baseline resting-state into 20 spatial networks. Statistical comparisons to recently and robustly reported resting-state networks (RSN) (Damoiseaux et al., 2006; Smith et al., 2009 Smith et al., , 2014 confirmed their validity. Mapping them into each individual subject's space each for resting-session 1 and 2 and consecutively performing group comparisons with dual regression disclosed that none of the 20 RSNs was differentially affected by picture emotionality.
Remarkably, complementing evidence for this apparent nonsusceptibility towards emotional pictures in amygdala-FC and RSNs in the time following immediate emotion processing was given by our finding that the fractional amplitude of low frequency fluctuations (fALFF) in the amygdala showed no relation to picture valence.
As opposed to the neurofunctional data, behavioral measures were differentially affected by picture valence. Compared to neutral pictures, negative pictures were rated as more negative and arousing, and were remembered better. Since the recall of geometrical figures was independent of picture emotionality, this memory-facilitating effect was not ascribable to general memory performance. Research designed to look into memory consolidation has revealed that rs-FC directly after encoding may be predictive both of later recall performance of visual stimuli, e.g. associations between post-encoding rs-FC of the hippocampus and memory performance about 60 min afterwards (Tambini et al., 2010) , and of links between inter-network-FC and memory performance 6.5 weeks later (Sneve et al., 2017 ). In the current experimental paradigm, which is not primarily aimed at investigating memory dynamics, we found no valence-dependent effects on hippocampus-whole brain-FC. However, for hippocampus-FC to be related to later memory performance, time window may be particularly important. In line with this, rs-FC between the parietal memory network and DMN after encoding correlates with memory capacity when tested 6.5 weeks but not 1.5 h later (Sneve et al., 2017) . These findings indicate that rs-FC is hardly susceptible to preceding processing of visual emotional stimuli. Fluctuations in vigilance (Olbrich et al., 2009 ) and different sleep stages (Tagliazucchi et al., 2012 ) may co-vary with changes in rs-FC. There was a report of a reliable loss of wakefulness within 3 min rs-fMRI in one third of subjects, grounded on an analysis of 1147 datasets (Tagliazucchi and Laufs, 2014) . Notably, in the current study, out of 31 and 32 subjects during resting-session 1 and 2, respectively, for whom we had valid EEG data, the large majority of subjects was in a state of relaxed wakefulness at most time points (summarized over 3 s). The binary first-level regressor vigilance had no impact on the BOLD signal. It is thus unlikely that vigilance, a physiological state defined according to previously adapted concepts (Hegerl et al., 2008; Olbrich et al., 2009 ), operated as a confounder in this study. Owing to the risk of oversimplification of the dynamic and gradual process of sleep onset (Prerau et al., 2014) and due to subjective reports of wakefulness from our subjects, we refrained from a discrete categorization of wake/sleep.
Prolonged activation in amygdala-FC networks following acute stressors has been reported, an effect suggested to constitute an extended state of hypervigilance (Clewett et al., 2013; van Marle et al., 2010; Veer et al., 2011) . In accordance with this stress perspective, stress-induced neuroendocrine levels may regulate amygdala-FC in the recovery phase from acute stressors (Quaedflieg et al., 2015) , and acute painful stressors alter amygdala-FC with frontal and anterior cingular cortex (ACC) regions 15 to 30 min after stressor onset (Clewett et al., 2013) . This framework differs from ours in that we did not apply acute stressors (e.g., psychological stress test, painful interventions). Even if a substantial increase in corticosteroids were elicited by the emotion induction peak levels could be expected only after 30 min. Yet, one study reported enhanced amygdala-FC with the dorsal ACC, AI, and LC after viewing a 1.5 min highly aversive movie clip (van Marle et al., 2010) . In contrast to our study design, the movie clip might have induced a stressful state reflected in lasting changes in rs-FC. Moreover, they conducted the rs-fMRI without time delay after cessation of the movie, which was presented inside the scanner. Importantly, the stress induction paradigms used in these studies substantially differ from our emotion induction paradigm.
The present study has several limitations: Due to the setting of the pictorial rating task at the computer outside the scanner, we could not measure BOLD-related brain activity during the pictorial rating task. Although EEG data during this task was available, it could not be properly analyzed due to major movement-related artifacts. Yet, a multitude of studies has demonstrated the amygdala to be activated upon viewing negative pictures (Banks et al., 2007; Eippert et al., 2007; Erk et al., 2010; Fastenrath et al., 2014; Radua et al., 2014; Townsend et al., 2013; Walter et al., 2009) . Moreover, the memory-facilitating effect of picture emotionality also found in our study is known to rely on the amygdala's initial involvement (e.g., Fastenrath et al., 2014; Kim, 2011; McGaugh, 2004) . Nonetheless, future studies should include brain activation measures also during the emotion induction task. Furthermore, we cannot generalize to other emotional tasks. It may well be that stronger and more ecologically valid emotion induction paradigms (Schilbach, 2016; Xie et al., 2016) might have induced alterations in the resting-state measures applied in the present study. A further limitation is the number of subjects (N ¼ 34), which may be regarded relatively small given the unconstrained nature of the resting-state (Finn et al., 2017) . Therefore, the negative results should be treated with caution and tested for replication in larger samples.
The progress towards incorporation of rs-FC measures as clinical biomarkers (Camchong et al., 2013; Drysdale et al., 2017; Gong et al., 2014; Sorg et al., 2013; Verduyn et al., 2015; Whitfield-Gabrieli et al., 2016; Wilcox et al., 2016; Yang et al., 2014; Zotev et al., 2013) will require minimization of confounding factors to allow for a standardized setting. Concerning this, it is essential to unveil factors affecting rs-FC. Factors eliciting emotional responses in everyday life, like negative emotional stimuli and daily hassles, may be hard to control for by clinicians. In this line of thoughts, we believe our findings provide important insight into the requirements for measurement standardization, a key challenge for rs-fMRI. Yet, rs-fMRI-specific confounds may vary with mental health status, which is particularly important given the planned implication of rs-fMRI in patients with tentative diagnoses. The pathological correlates of mental disorders that have been associated with traumatic experiences, such as post-traumatic stress disorder (PTSD) and borderline personality disorder (Bandelow et al., 2005; Golier et al., 2003) , have been proposed to be escalates of brain activation patterns observed in the healthy confronted with ethically acceptable aversive emotional stimuli. PTSD, as an example, may be regarded as a disorder of recovery from the early responses to traumatic events (Shalev, 2009) . In cases of pathological anxiety, excessive apprehension occurs upon minimally threatening stimuli, implying dysfunction at the level of interpretation (Calhoon and Tye, 2015) . It is important to understand what factors exacerbate or protect against disadvantageous reactions to emotional stimuli. Amygdala-FC may form a critical juncture for affective reactivity, culminating in individual patterns of immediate emotion processing and emotion regulation. Future studies may want to investigate those transient states of emotion regulation in clinical samples.
Conclusions
In summary, our findings demonstrate that several resting-state measures, which had been hypothesized to be involved in the temporal dynamics of emotion processing following exposure to emotional pictorial stimuli, transpired unaffected by such an intervention. Future research should include additional emotion induction paradigms and might investigate if resting-state functional connectivity in patients with problems in emotion regulation, as it is commonly observed in depression or anxiety disorders, might be more susceptible to emotion induction. Connectivity (2016) in Vienna, Austria, by the first author (L.G.). The authors further declare that there are no conflicts of interest. The study has been conducted in accordance with the Declaration of Helsinki.
